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Three-dimensional super-resolution fluorescence microscopy methods such as
interferometric photoactivated localization microscopy (iPALM) can localize
individual proteins of interest at high resolution (20 nm in XY and 8 nm in
Z). These images, however, lack the structural context that could be provided
by other imaging methods including electron microscopy. Here, we develop
a method that combines iPALM and 3D tomographic transmission electron mi-
croscopy (TEM). First, we use iPALM to localize fluorescently-tagged endo-
cytic proteins on the inner plasma membrane of PC12 cells in three
dimensions. Next, platinum replicas of these same membranes are imaged
with transmission electron microscopy to create tomograms. Finally, both im-
ages are combined to create a map of the nanometer scale location of these pro-
teins within their three dimensional cellular context. This technique has the
power to build ultra high resolution 3D topographic maps of molecular struc-
tures in the context of their native cellular environment.
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Synapses are specialized cell-cell junctions of several hundred nanometers in
size that serve as junctions/contact points through which nerve cells send sig-
nals to other nerve cells, to muscle cells, or to hormone-secreting cells. Effi-
cient synaptic transmission relies on the precise and specific interaction of
synaptic proteins and vesicle fusion and changes in protein dynamics and ex-
pression are thought to allow synaptic plasticity. Unfortunately, our under-
standing of the exact nanoscopic distribution of individual proteins, their
absolute numbers and interactions, and changes occurring during learning
and memory, and in neurodegenerative disorders is still in its infancy. This is
due to difficulties to study sub-synaptic structures e.g. by fluorescence micros-
copy due to the small size of synapses, which is near the diffraction-limited res-
olution of light microscopy and the limitation to visualize single synaptic
protein localization and dynamics in the synapse.
We demonstrate how super-resolution fluorescence imaging by direct stochas-
tic optical reconstruction microscopy (dSTORM) can be used advantageously
to study the distribution of synaptic proteins with an optical resolution of 15-
20 nm in the imaging plane using standard, commercially available fluorescent
probes. We demonstrate the potential of dSTORM by resolving the distribution
and clustering of presynaptic proteins as well as postsynaptic receptors and
postsynaptic junctional folds.
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The first step in E. coli cell division is the localization of the FtsZ protein at
midcell, where it polymerizes into a ring-like structure called the Z-ring.
FtsZ is widely conserved throughout bacteria and is a structural homolog of eu-
karyotic tubulin. Understanding the organization of the Z-ring will provide in-
sight into the force generation mechanism of bacterial cell division.
In our previousworkwe used a super-resolution imagingmethod, photoactivated
localizationmicroscopy (PALM), to characterize the arrangement of FtsZ proto-
filaments inside the Z-ring1. We showed that the Z-ring is likely composed of
a loose association of protofilaments overlapping in both the circumferential
and radial direction of the Z-ring. Given that FtsZ protofilaments exhibit a low
intrinsic self-interaction, how they are associated in vivo remains unknown.
Recently a family of Z-ring associated proteins (Zap) have been shown to pro-
mote FtsZ polymerization in vitro and Z-ring formation in vivo. In this study,
we investigated how ZapA and ZapB affect the organization of the Z-ring.
We used live-cell PALM imaging to characterize the structure of the Z-ring in
the absence of ZapA and ZapB. We found that in the absence of ZapA or ZapB,
FtsZ adopts a variety of non-native structures characterized by a fractured ap-
pearance containing dispersed clusters of FtsZ. Similar FtsZ clusters have been
observed to precede wild-type Z-ring assembly and are likely composed ofmultiple FtsZ protofilaments. Comparison of the FtsZ clusters observed in
DzapA and DzapB to those observed in wild-type suggest that ZapA and
ZapB may function to promote Z-ring assembly by corralling and consolidating
higher-ordered FtsZ groupings.
[1] G. Fu, T. Huang, J. Buss, C. Coltharp, Z. Hensel, J. Xiao, PLoS One 2010, 5,
e12680.
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Most proteins exhibit anomalous subdiffusion in cell nuclei. The source of this
behavior is not well understood but is likely due to a combination of crowding
and binding of proteins. In order to separate the contributions of these two effects,
we measured the diffusion of unconjugated GFP in HeLa cells and the polytene
cells of Drosophila salivary glands using two-photon excited fluorescence recov-
ery after photobleaching (FRAP). Our experiments use a diffraction-limited
bleaching and observation volume to quantitatively characterize diffusion in
specific nuclear substructures. In polytene cells unlikeHeLa cells, we can resolve
GFPdiffusion behavior in nuclear regions containing chromosomes from regions
devoidof chromosomes (Figure). Interestingly,weobserved anomalous diffusion
of GFP in the chromosomal regions only; GFP diffuses normally in the inter-
chromosomal space of the polytene nuclei (Figure). This observation indicates
that obstructed diffusion through chromatin
is a primary source of anomalous diffusion
in cell nuclei. Our presentation will focus
on technical challenges of applying quanti-
tative point FRAP, including the need to
account for reversible fluorophore photo-
bleaching in data analysis, as well as results
and interpretation of anomalous diffusion
measurements of unconjugatedGFP in cells.1750-Pos Board B642
Optical Measurement of Biomechanical Properties of Human Red Blood
Cell using Digital Holographic Microscopy: Malaria and Sickle Cell
Diseases
Yongkeun Park.
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Pathophysiological aspect of several hematologic diseases is largely deter-
mined by biomechanical properties of red blood cells (RBCs) and their hemo-
dynamical properties in circulatory system 1. Here we present the
biomechanical properties of individual RBCs from patients with sickle cell dis-
ease and RBCs infected with malaria-inducing parasites Pf. falciparum. using
laser digital holographic technique, we non-invasively quantify membrane fluc-
tuation in RBCs at the nanometer and millisecond scale, which is analyzed with
the mathematical model to retrieve four important mechanical properties of
RBCs; bending modulus, shear modulus, area expansion modulus, and cyto-
plasmic viscosity 2. We find significant alterations in the mechanical properties
of RBCs in several pathophysiological states, ranging from depletion of Aden-
osine-5’-triphosphate (ATP) 3, different osmotic pressures 4, malaria infections
5-7, and sickle cell diseases 8,9.
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342a Monday, February 4, 2013Mapping cell mechanical properties down to molecular level can both
refine our knowledge about cellular structures and reveal information about
biological functions like cell adhesion, proliferation and survival. Atomic
force microscopy (AFM) is a powerful method to probe materials at the
nanoscale. Although AFM has been used to image live cells and probe their
mechanical properties1, its resolution on cells is much lower than on stiffer
materials. To address this, we adapted Microsecond Force Spectroscopy2
to rapidly image mechanical properties of live and cross-linked fibroblasts,
neurons and Human Umbilical Vein Endothelial Cells in culture media or
buffer.
Mechanical properties images showed cellular features as small as 50nm, rep-
resenting an unprecedented resolution over a wide variation of cell types. The
enhanced resolution and speed of our method allowed the identification of
dynamic changes in elastic modulus of fine cellular structures, which did not
appear to be reflected in optical images of fluorescently-labeled actin, acquired
from the same cells. These changes might reflect a loss of tension in the actin
network underneath the cell membrane. Preliminary data further suggest that
our platform might allow the label-free recognition of stress fibers, retraction
fibers, Weibel-Palade bodies and microvilli solely based on nanomechanical
contrast. These developments extend the cell imaging capabilities of AFM
and highlight the value of mechanics in the delineation of cellular physiological
states. The compatibility of our method with human cells suggests that it can be
further developed as a diagnostic tool for the detection of disease-specific
cellular mechanical responses.
1-Casuso et al. J.Mol.Recogn. 2011; 24:406-413.
2-Dong et al. Nature Nanotechnology 2009; 4:514-517.
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The nuclear pore complex (NPC) is one of the largest macromolecular assem-
blies in eukaryotic cells and tightly regulates the transport between the cyto-
plasm and the nucleus. In order to unravel the structural details of the NPC,
an exact stoichiometry of its constituent proteins (NUPs) is needed. Mass spec-
trometry can be exploited to establish stoichiometric ratios of the NUPs, but in
order to trace absolute copy numbers it is necessary to quantify the number of
instances of at least one NUP. To achieve this goal, a gene replacement strategy
was combined with a quantitative PALM approach: one of the core proteins of
the NPC, namely NUP107, was genetically tagged with the photo-activatable
protein mEos2 and expressed in HEK293 cells where native NUP107 was
knocked down using micro-RNAs. For optimal signal to noise, NUP107-
mEos2 containing NPCs from functional purified nuclei were placed in the
evanescent field of a highly sensitive microscope. We then performed PALM
imaging of mEos2-NUP107 with an optimized photo-conversion scheme for
iterative activation and bleaching cycles assuring complete photo-conversion
of the sample. In order to retrieve the average number of fluorophores in
each pore, a computational workflow was designed to select isolated pores
from the resulting super-resolution images. The counted number of apparent
photo-conversion events in each pore was further corrected for fluorophore
blinking effect by statistical methods. Taking protein and mEos2 maturation
profiles into account, this allowed us to calculate the lower limit for the exact
copy number of NUP107 in each pore establishing the baseline for the stoichi-
ometry of the entire NPC.
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Non-invasive high-resolution imaging of cell populations in animal disease
models would greatly facilitate the development of cell-based therapies. Opti-
cal imaging of fluorescent proteins (FPs) that can be excited by red light in the
‘‘optical window’’ above 600 nm, such as the monomeric far-red FP mNeptune,
is one potential method for tracking implanted cells. However the utility of
red-absorbing FPs for tracking the fates of implanted cells has not yet been
explored. Here we report three new red-absorbing monomeric FPs obtained
by structure-guided mutagenesis of mNeptune. Two of these, mNeptune2
and mNeptune2.5, demonstrate improved maturation and brighter fluorescence,
while the third, mCardinal, has an additionally red-shifted absorbance spec-
trum. We show that mCardinal can be used to non-invasively visualize muscle
regeneration from myoblasts and stem cells in a mouse injury model with high
anatomical detail.1754-Pos Board B646
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We have developed a new approach for multiplex imaging of immunostained
cells to improve breast cancer diagnosis. For detection of fluorescence signal
we use a confocal laser scanning microscope with custom extension for multi-
parameter fluorescence image spectroscopy (MFIS)[1].
For the detection of tumor biomarkers a six fold parallel immunostaining pro-
tocol was developed, combining indirect immunolabeling with antibodies as
well as direct labeling with novel affinity binders (Affibody molecules). To
allow for separation of fluorescence photons from different markers, dyes
were selected that can be discriminated by considering both their spectral emis-
sion band and their fluorescence decay time using three patterns maximum
entropy fit. The massive amount of information contained in the identified
spatial intensity features from the six markers and correlations thereof necessi-
tate advanced bioinformatics to fully exploit the available information. We
used an analysis workflow to process the MFIS-data with the aim of training
a classifier for cancer diagnosis.
The method provided promising results to discriminate non-malignant breast-
and different breast cancer cell lines forming a basis for the analysis of individ-
ual cells in clinical fine needle aspirates (FNA) from the breast.
Applied to FNA samples MFIS can demonstrate its full potential in extracting
the necessary information for diagnosis out of a very limited number of cells.
In a further perspective, our approach offers a more objective alternative to the
currently common procedure of visual inspection of classical core biopsy
histological staining. Moreover, it can be transferred to different samples and
markers without major adaption of setup and analysis workflow to diagnose
different cellular diseases.
[1] Weidtkamp-Peters, S., Felekyan, S., Bleckmann, A., Simon, R., Becker, W.,
Ku¨hnemuth, R., Seidel, C. A. M.; Multiparameter Fluorescence Image Spec-
troscopy to study molecular interactions. Photochem. Photobiol. Sci., 8, 470-
480 (2009).
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Two-photon microscopy of endogenous fluorescence has proven to be a power-
ful method for quantification of tissue structure and biochemistry in 3D and
with micron resolution. In particular, autofluorescence of mouse brain tissue
provides potentially rich signatures for identifying brain anatomical regions
and structures without the need for traditional Nissl or other exogenous stain-
ing. We quantitatively investigate the identities and distributions of endogne-
ous fluorophores in whole mouse brains
using Serial Two-Photon (STP) tomogra-
phy. We vary the two-photon excitation
wavelength over the range of 720 to
980 nm while simultaneously performing
spectrally resolved imaging from 400 nm
to 650 nm and report on background auto-
fluorescence for use in segmenting, con-
structing brain atlases, and identifying
specific neuronal regions.
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